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(57) ABSTRACT 

A dynamic queuing system wherein a single memory is 
shared among a plurality of different queues. A single 
memory, termed a queue memory, is by ally shared by one 
or more queue. The queue memory is divided into a plurality 
of memory blocks that we initially empty. An empty list 
functions to track which memory blocks are empty and 
available for ;ise in a queue. Each queue constructed utilizes 
one or more memory blocks. When a queue becomes full, an 
additional memory block is allocated to it. Conversely, as 
memory blocks of a queue are read, i.e. emptied, they are 
returned to the pool of empty memory blocks for use by 
other queued. 
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DYNAMIC QUEUING SYSTEM one or more queues. The queue memory is divided into a 

INCORPORATING MULTIPLE QUEUES plurality of memory blocks that are initially empty. An 

SHARING A SINGLE MEMORY empty list functions to track which memory blocks are my 

and available for use in a queue. Each queue that is con- 

5 structed utilizes one or more memory blocks. When a queue 

HELD OF THE INVENTION becomes full, an additional memory block is allocated to it. 

_ ... . Conversely, as memory blocks of a queue are read, i.e. 

Ihc present mvention relates generally to queumg sys- .^^^ ^^^^^^^ 1 ^ 

tems and more particularly relates to a dynamic queuing ^^^^^ . ^^^^^^ ^^^^^ 

system wherein a single memory is shared -.n u « * j * • i 

^ & J 10 The queue memory may be constructed from single or 

BACKGROUND OF THE INVENTION multiple physical memories and may or may not have a 

contiguous address space. Preferably, the memory com- 

Currently, the number of data networks and the volume of prises a single contiguous memory block in order to simplify 

trafiSc these networks carry are increasing at an ever faster the queue control circuitry used to read and write data from 

rate. The network devices that make up these networks is and to the queue Memory. 

generally consist of specialized hardware designed to move ^^^^^ memory is divided into a plurality of memory 

data at very high speeds. Typical networks, such as Ethernet \)ioc\^. Preferably, aU memory blocks are of a uniform size, 

based networs, are mainly comprised of end stations, Eth- invention can also operate with memory blocks having 

emet hubs, switches, routers, bridges and gateways. ATM different sizes as long as the queue control circuitry is 

networks are constructed with similar network devices 20 adapted accordingly 

adapted to carry ATM traffic, e^g. , ATM capable end stations, operation, the queue memory is the shared memory that 

edge devices and ATM switches. ^ ^j, ^^^^^^ ^^^^^ ^.^-^^^ -^^^ ^ 

With the ever increasing user demand for faster and faster plurality of memory blocks wherein each memory block is 

data communications, network devices have had to perform represented by an entry in an empty list. The empty list is 

at higher and higher speeds. A primary function of many 25 ^^^^^^ ^ ^^^^^ memory and preferably implemented as a 

network devices is to receive frames (packets, ceUs, etc.) at singly or doubly linked list. A first pointer points to an entry 

one or more ingress ports, and forward the frame to the that is the first empty memory block on the empty list. When 

appropriate egress port. Accomplishing this requires that the ^ memory block is to be allocated to a queue, the memory 

network device store and process data at one or more stages. JjIq^j^ pointed to the first pointer is the memory block to be 

The device may queue data received from the input ports, 30 allocated. 

data waiting to be written to output ports and data generated ^ ^^^^ '^^.^^^^ functions to point to an entry that is the last 

at one or more intennediate processing stages. This requires ^^^^^ ^^^^^ ^^^^ ^ ^^^^^ 

the creation of a plurahty of queues within the internal ^^^^^ de-allocated from a queue, the memory block 

memory of the device. The size of the queues required de-allocated is written to the last pointer. An empty counter 

typically depends on the internal architecture of the device, 35 ^^^^.^^ ^^^^^ ^^^^^^ of memory blocks currently on 

the required processing speed, and other parameters. empty list. 

It is thus desirable to have an efficient mechanism of Note that upon reset or initialization of the queue system, 

creating and maintamg a plurality of queues m a network ^^^^^^ ^^^^ memory are linked together on the 

device. Due to the potentially rapid changes in network ^^^^^ ^ memory blocks are allocated, entries are 

traffic that a network device may essence from one moment removed from the empty list. 

to the next it is also desirable to implement the queuing ^^^^ ^^^.^^^ accordance with the present 

system in a dynamic fashion. In such a system, queues may .^^^^^.^^ ^ ^ ^^.^ ^ comprising a queue 

be created, utilized and removed on a dynamic basis. ^ ^.^J^^ .^^^^ ^^^^ ^ 

Further, it is desirable to be able to dynamically change the ui 1 *; ♦ r ♦ f ♦ • l i* o™*., r^Ji.^^r Kirx^iX 

. ^ • * % *u 45 blocks, a first ust for storing a hst 01 empty memory blocks 
size of a queue depending on the requirements of the ^j^^, ^^^^^ ^ ^ 

network device at any particular point in ume. allocating an empty memory block from the queue memory, 

SUMMARY OF THE INVENTION removing the allocated memory block from the first list and 

creating a second list for storing the memory blocks that 

The present invention provides a dynamic queuing system make up the queue, a queue control circuit including, means 

wherein a single memory is shared among a plurality of for writing to the queue including a write pointer for 

different queues. The queues may comprise any suitable type identifying the next location in the queue available for 

of queue such as the well known Last In First Out (LIFO) writing, means for reading from the memory queue includ- 

type queue or First In First Out (FIFO) type queue. Each ing a read pointer for identifying the next location in the 

queue is created using one or more blocks of queue memory. 55 queue to be read, means for increasing the size of the queue 

On a dynamic basis, the queue may take additional blocks when the queue is full, including allocating an additional 

from memory in order to increase its size. Conversely, it may memory block from the queue memory, removing the allo- 

return unused blocks to memory on a dynamic basis as well cated memory block from the first list and adding the newly 

thus reducing the size of the queue. allocated memory block to the second list and means for 

For illustration purposes, the principles of the present go reducing the size of the queue when a memory block 

invention are described in the context of an example net- becomes empty, including de-allocating the empty memory 

work device comprising an ATM edge device having a block, adding the de-allocated memory block to the first list 

plurality of Ethernet ports and one or more ATM ports. Note, and removing the de-allocated memory block from the 

however, it is not intended that the invention be limited to second list. 

the network device described herein. 55 There is also provided in accordance with the present 

In accordance with the present invention, a single invention a dynamic queuing method, the method compris- 

memory, termed a queue memory, is dynamically shared by ing the steps of dividing a queue memory into a plurality of 
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equal length memory blocks, storing a first list of empty 
memory blocks that are currently not in use, creating a queue 
by allocating an empty memory block from the queue 
memory, removing the allocated memory block from the 
first list and creating a second list for storing the memory 
blocks making up the queue, writing to the queue utilizing 
a write pointer for identifying the next location in the queue 
available for writing, reading from the memory queue uti- 
lizing a read pointer for identifying the next location in the 
queue to be read, increasing the size of the queue when the 
queue is full by allocating an additional memory block firom 
the queue memory, removing the allocated memory block 
from the first list and adding the newly allocated memory 
block to the second list and reducing the size of the queue 
when a memory block becomes empty by de-allocating the 
empty memory block, adding the de-allocated memory 
block to the first list and removing the de-allocated memory 
block from the second list, 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is herein described, by way of example 
only, with reference to the accompanying drawings, 
wherein: 

FIG. 1 is a block diagram illustrating a queuing system 
implemented in an ATM edge device incorporating multiple 
Ethernet and ATM ports; 

FIG. 2A is a block diagram illustrating the queue memory 
comprising a single shared memory; 

FIG. 2B is a block diagram illustrating the group memory 
portion of the queuing system incorporating first, last and 
empty counter registers; 

FIG. 3 is a block diagram illustrating an example queuing 
system constructed in accordance with the present invention 
that utilizes three queue blocks; 

FIG. 4 is a flow diagram illustrating the method of 
pushing data onto the queue; and 

FIG. 5 is a flow diagram illustrating the method of 
popping data from the queue. 
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Term 


Definition 


ATM 


Asynchronous Transfer Mode 


BUS 


Broadcast and Unlcnown Server 


DA 


[destination Address 


ELAN 


Emulation LAN 


FIFO 


First In First Out 


IP 


Internet Protocol 


LAN 


Local Area Network 


LE 


LAN Emulation 


LEC 


LAN Emulation Client 


LEGS 


LAN Emulation Configuration Server 


LES 


LAN Emulation Server 


LIFO 


Last In First Out 


MAC 


Media Access Control 


MPOA 


Multiprotocol Over ATM 


NVRAM 


Nonvolatile Random Access Memory 


OC 


Optical Carrier 


PDU 


Protocol Data Unit 


RAM 


Random Access Memory 


RBP 


Read Block Pointer 


RP 


Read Pointer 


SA 


Source Address 


SMS 


Selective Multicast Server 


VCI 


Virtual Circuit Identifier 
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DETAILED DESCRIPTION OF THE INVENTION 
Notation Used Throughout 
The following potation is used thfouRhout this document. 

Tbrm Definition 

VLAN Virtual Local Area Network 

VPI Virtual Path Identifier 

10 WBP Write Block Pointer 

WP Write Pointer 



DESCRIPTION OF THE INVENTION 

The present invention provides a dynamic queuing system 
wherein a single memory is shared among a plurality of 
different queues. The queues may comprise any suitable type 
of queue such as the weU known Last In First Out (LIFO) 
type queue or First In First Out (FIFO) type queue. Each 
queue is created using one or more blocks of queue memory. 
On a dynamic basis, the queue may take additional blocks 
from memory in order to increase its size. Conversely, it may 
return unused blocks to memory on a dynamic basis as well 
thus reducing the size of the queue. 

For illustration purposes, the principles of the present 
invention are described in the context of an example net- 
work device comprising an ATM edge device having a 
plurality of Ethernet ports and one or more ATM ports. Thus, 

3Q the example device is simultaneously connected to an Eth- 
ernet network and an ATM network. Note, however, it is not 
intended that the invention be limited to the network device 
described herein. It is appreciated that one skilled in the 
electrical or networking arts may apply the present invention 

35 to numerous other types of devices as well without departing 
from the spirit and scope of the invention. Note that through- 
out this document, references are made to Ethernet frames 
and ATM cells which are example protocol data units 
(PDUs) associated with Ethernet networks and ATM 

4Q networks, respectively. It is appreciated that the invention 
may be adapted for use in other types of networks that 
transmit other types of PDUs, e.g., packets. 

A block diagram illustrating a queuing system imple- 
mented in an ATM edge device incorporating a plurality of 

45 Ethernet and ATM ports is shown in FIG. 1. The example 
network device, generally referenced 10, comprises an edge 
device for use in an ATM network. The device 10 comprises 
a plurality of Ethernet ports and ATM ports. In addition, the 
device provides standard LAN Emulation services, such as 

50 LEC, BUS. LECS, LES, SMS, etc., as defined by ATM 
Forum LAN Emulation standards. LAN Emulation permits 
Ethernet traffic to be transported across ATM circuits. For 
illustration purposes, the Ethernet and ATM ports in the 
network device have been separated into ingress and egress 

55 portions. 

In particular, input Ethernet ports 12 are connected to an 
Ethernet network and adapted to receive ingress Ethernet 
frames 42. Similarly, input ATM ports 14 are connected to 
an ATM network and adapted to receive ingress ATM cells 

60 44. The input Ethernet frames are processed by an Ethernet 
input server 16 which places the received frames into a 
queue 20. The frames placed in the queue 20 are to be 
subsequently processed and a forwarding decision made for 
each. Similarly, the input ATM cells are processed by an 

65 Al'M input server 18 which places the received cells into the 
queue 20. The cells placed in the queue 20 are subsequently 
processed and a forwarding decision made for each. 
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Output Ethernet ports 34 are connected to the Ethernet 
network and adapted to output egress Ethernet frames 38. 
Similarly, output ATM ports 36 are connected to the ATM 
network and adapted to output egress ATM cells 40. 

The ATM ports, for example, may operate at 155 Mbps 
(OC-3) or 622 Mbps (OC-12). The Ethernet ports may 
operate at 10 Mbps Ethernet, 100 Mbps Fast Ethernet or 
1000 Mbps Gigabit Ethernet. 

The device comprises a forwarding decision processor 22, 
dispatch queue 24, dispatcher 26 and a plurality of output 
queues 28. Forwarding decisions arc made by the forward- 
ing decision processor 22 that is configured dynamically by 
a host processor or upper software layer (not shown). The 
ingress Ethernet frames and ATM cells input to the input 
queue 20 are processed by the forwarding decision processor 
22. In one alternative implementation of the network device, 
Ethernet frames on each of the Ethernet ports are segmented 
into ATM cells before being placed into the input queue 20. 

The forwarding decision processor 22 functions to make 
a forwarding decision using a lookup procedure. A forward- 
ing table stores the forwarding decision information. The 
forwarding mechanism may utilize one or more input 
parameters in making a forwarding decision. Such param- 
eters include but are not limited to Ethernet MAC DA, 
Ethernet MAC SA, IP DA, VLAN ID, LEG ID, Ethernet 
input port, ATM input port, ingress frame type, VPI/VCI, 
ELAN ID and MPOA tag. 

The processing of the forwarding decision is performed 
using a forwarding table lookup and is operative to generate 
forwarding information The forwarding decision, repre- 
sented as an output port vector, is then written to the dispatch 
queue 24 along with the frame. The data written to the 
dispatch queue 24 is read by the dispatcher 26 which felons 
to forward the frame to one or more output queues 29 in 
accordance with the forwarding decision, i.e. output pout 
vector. Frames written to Ethernet output queues are read by 
a corresponding Ethernet output server 30. The Ethernet 
output servers 30 function to read frames from their asso- 
ciated output queues and write them to the corresponding 
Ethernet output port 34. The Ethernet output port function to 
transmit the egress data 38 over the Ethernet network. Note 
that cell data destined to an Ethernet port is assembled back 
into Ethernet frames before transmission through the output 
port. 

Frames written to ATM output queues are read by the 
corresponding AIM output server 32. The ATM output 
servers 32 function to read frames from their associated 
output queues and write them to the corresponding ATM 
output port 36. The ATM output port functions to transmit 
the egress data 40 over the ATM network. 

The Ethernet ports within the device may be adapted to 
transmit and receive 10 Mbps, 100 Mbps or 1000 Mbps 
Ethernet signals. The example device is also adapted to 
provide Layer 2 and Layer 3 switching among the Ethernet 
ports. Further, the device may support PLANS, multi cast 
and MPOA protocols. A main frinclion of the device is to 
forward data frames between the two types of networks, i.e. 
Etherael and ATM, via the ports connected to each type of 
network. The Ethernet frame received may contain various 
parameters that are used in the forwarding process such as, 
for example, MAC Destination Address (DA), MAC Source 
Address (SA), IP DA, VLAN ID, LEC ID, ELAN ID, LE 
frames (received from ATM) and MPOA frames. 

In accordance with the present invention, a singe memory, 
termed a queue memory, is dynamically shared by one or 
more queues The queue memory is divided into a plurality 
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of memory blocks that are initially empty. An empty list 
functions to track which memory blocks ate empty and 
available for use in a queue. Each queue that is constructed 
utilizes one or more memory blocks. When a queue becomes 

5 full, an additional memory block is allocated to it. 
Conversely, as memory blocks of a queue are read, i.e. 
Emptied, they are refuted to the pool of empty memory 
blocks for use by other queues. 
The queue memory may be constructed from single or 

10 multiple physical memories and may or may not have a 
contiguous address space. Preferably, the memory com- 
prises a single contiguous memory block in order to simplify 
the queue control circuitry used to read and write data from 
and to the queue memory. 

A block diagram illustrating the queue memory compris- 
ing a single shared memory is shown in FIG. 2A. A block 
diagram illustrating the group memory portion of the queu- 
ing system incorporating first, last and empty counter reg- 
isters is shown in FIG. 2B. The queue memory, generally 
referenced 50, is divided into a plurality of memory blocks 
52. Preferably, all memory blocks are of a uniform size. The 
invention will also operate with memory blocks having 
different sizes as long as the queue control circuitry is 
adapted accordingly. For illustration purposes, an example is 
presented herein whereby the queue memory comprises 
8192 entries and is divided into 128 memory blocks, labeled 
queue #0 through queue #127, each memory block com- 
prising 64 entries. The queue memory may be constructed 
using any stiitable read/write memory such as random access 
memory (RAM), non volatile RAM (NVRAM), or other 
types of memory. 

In operation, the queue memory 50 is the shared memory 
that is used by all the queues. Note that the invention may 
be used to construct any type of queue such as LI FO, FIFO, 
etc. For illustration purposes, a FIFO queuing system is 
provided as an example. 

The memory is divided into a plurality of memory blocks 
wherein each memory block is represented by an entry 62 in 
an empty list 60. The empty list is stored in a group memory 
and preferably implemented as a singly or doubly linked list. 
A first pointer 64 points to an entry that is the first empty 
memory block on the empty list. When a memory block is 
to be allocated to a queue, the memory block pointed to the 
first pointer is the memory block to be allocated. 

A last pointer 66 functions to point to an entry that is the 
last empty memory block on the empty list. When a memory 
block is to be de-allocated from a queue, the memory block 
de-allocated is written to the last pointer. An empty counter 

5Q 68 functions to track the number of empty memory blocks 
currently on said empty list. 

Note that upon reset or initialization of the queue system, 
all the entries 62 in the group memory 60 are linked together 
on the empty list. As memory blocks are allocated, entries 

55 are removed from the empty list. A queue memory of size 
8192 divided into 128 memory blocks yields a group 
memory comprising 128 entries. Thus, initially, the empty 
list comprises all 128 entries. 

Note that the above example is provided for illustration 

60 purposes only. One skilled in the art may apply the prin- 
ciples of the present invention to construct a dynamic queue 
system having a size, number of memory blocks, and 
memory block size in accordance with the requirements of 
the particular application. 

65 It is important to point out, however, that as the size of the 
memory blocks increase, less control space is required for 
controlling the queue thus reducing the size of the group 
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memory. With a larger memory block size, however, the counter is set to one. When the first memory block becomes 

shared memory is partitioned in a less efficient way. Thus, full, a second queue memory block is allocated and chained 

the optimum balance between memory block size, group to the first block. The block counter is incremented to two 

memory size and eflBciency in the use of the shared memory and the WBP and WP are modified lo point to the second 

needs to be found for each particular application. An advan- 5 memory block. Similarly, when the second memory block 

tage of the present invention is that is it provides the queuing becomes fuU. a third queue memory block is allocated and 

system designer the ability to determine the optimum bal- ^^^^^ ^^e queue chain. The WBP and WP pointers are 

ance per the in accordance with system requirements modified accordingly and the block counter is incremented 

between the size of the control space (i.e. group memory) . .t i u /• n 

. ^ ca ur. J J- *u * f*u When the first memory block becomes empty (i.e. all 64 

and the amount or flexibility desired m the size of the queue. lO , . j\ • j r ,u u • a 

^ ^ entries are read) it is removed from the queue chain and 

In order to implement a dynamic FIFO queuing system, returned to the empty list. On the empty chain, it is linked 

four pointers and a counter are used: lo the block indicated by the last pointer. Note that the queue 

1. A Read Block Pointer (RBP) representing the memory chain can be implemented as a linked fist comprising the 
block currently used to pop data out of the FIFO. The memory blocks currently making up the queue. The linked 
RBP pointer ranges from 0 through 127. list comprises pointers to the memory blocks. As memory 

2. A Write Block Pointer (WBP) representing the memory blocks are added to the chain, a pointer to the new memory 

block currently used to push data into the FIFO. The ^ ^^^^"^ ^^/^^ k ."^i," "'^"''''^ 

limn * f JL n .u u m block IS removed from the queue, the pomter to the memory 

WBP pomter ranges from 0 through 127. ^^^^^ ^ ^^^^^ the head of the Unked list. 

3. A Read Pointer (RP) representing the oD:set with the The method of pushing data onto the queue wiU now be 
memory block currently used to pop data out of the described in more detail. A flow diagram illustrating the 
FIFO. The RP pointer ranges from 0 through 63. method of pushing data onto the queue is shown in FIG. 4. 

4. A Write Pointer (RP) representing the ofiset with the As described above, the queue control circuit 72 (FIG. 3) 
memory block currently used to push data into the comprises the circuitry for pushing data onto the queue. The 
FIFO. The WP pointer ranges from 0 through 63. 25 functions performed by the circuitry are described herein. 

5. A Block Counter representing the number of memory First, the Write Pointer is checked if it is less than 64, i.e. the 
blocks that are linked together forming the queue. memory block currently being written to is not full (step 90). 

As applied to the network edge device of FIG. 1, each If it is not full, the data is written to the queue memory block 

output port server and output port has an associated FIFO at the location WBP*64+WP (step 92). The WP is then 

queue. The queues are implemented using the dynamic 30 incremented (step 94). 

queuing system of the present invention. Each output queue If the WP is not less than 64, i.e. the memory block 

has associated with it, a set of the above pointers, in currently being written to is full (step 90), this indicates that 

particular: WBP, RBP, RP, WP and Block Counter. the memory block is full and an additional memory block 

To illustrate the principles of the present invention, an must be allocated. It is then checked whether a queue 

example FIFO queue is presented that utilizes the dynamic 35 memory block is available (step 96). If the empty counter is 

queuing stem of the present invention. A block diagram greater than zero, than an empty memory block is available, 

illustrate an example queuing system constructed in accor- Note that even if a memory block is available, additional 

dance with the present invention that utilizes three queue constraints and restrictions may be placed on the allocation 

blocks is shown in FIG. 3. The FIFO queue, genially of memory blocks to a queue. For example, each queue may 

referenced 70, has allocated to it three memory blocks 74, 40 be restricted to a particular size, the queue may require one 

labeled FIRST QUEUE BLOCK SECOND OUEUE or more permissions to be set before additional memory is 

BLOCK and THIRD QUEUE BLOCK each memory block allocated, etc. 

74 comprising 64 entries. Assuming that an additional memory block may be allo- 

A queue control circuit 72 is operative to read and write cated for this queue, the next available memory block in the 

data from and to the memory blocks. A push command to the 45 empty list is aUocated to the queue (step 98). The memory 

queue causes data to be written to the next available entry in block to be allocated is pointed to by the empty list first 

the queue. A pop command to the queue causes data lo be pointer 64 (FIG. 2B). The newly allocated memory block is 

read from the queue. The WBP 82 points to the memory then chained to the tail of the queue (step 100). This is 

block currently being written to. The WP 84 points to the accomplished by adding a pointer to the memory block to 

entry within the memory block pointed to by the WBP to be 50 the tail of the queue chain linked list, 

written to. Thus, the write address 88 is formed by a The WBP is then set to point to the newly allocated 

combination of the WBP and WP. in particular, the write memory block (step 102) and the Block Counter is incre- 

address is calculated using WBP*64+WP. mented (step 104). The Write Pointer is initialized to zero 

The RBP 76 points to the memory block currently being (step 106) and the data to be pushed is written to the queue 

read firom. The RP 78 points to the entry within the memory 55 at a location given by WBP*64+WP (step 108). The Write 

block pointed to by the RBP to be read. Thus, the read Pointer is then incremented (step 110). 

address 86 is formed by a combination of the RBP and RP. The method of popping data from the queue will now be 

In particular, the read address is calculated using RBP* 64+ described in more detail. A flow diagram illustrating the 

RP. The Block Counter 80 functions to track the number of method of popping data from the queue is shown in FIG. 5. 

memory blocks currently used by the queue. In this example, 60 As described above, the queue control circuit 72 (FIG. 3) 

the value of the Block Counter equals three. comprises the circuitry for popping data from the queue. The 

Note that a separate set of pointers and block counter is functions performed by the circuitry are described herein, 

maintained for each queue. In this example, each queue is First, the Read Pointer is checked if it less than 64, i.e. the 

associated with a particular output port. memory block currently being read from is not empty (step 

Initially, the flrst queue memory block is allocated from 65 120). If it is not empty, the data is read from the queue 

the empty list and the RBP, RP, WBP, WP are set to point to memory block at the location RBP*64+RP (step 122). The 

the beginning of the allocated memory block. The block Read Pointer is then incremented (step 124). 
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If the Read Pointer is not less than 64, i.e. the memory 
block currently being read from is empty (step 120), this 
indicates the memory block is empty and is to be deallocated 
and returned to the empty list. It is then checked whether this 
is the only memory block in the queue (step 126). In 
particular, the Block Counter is checked if it is grater than 
one. If the Block Counter is not eater than one, than this is 
the last memory block in the queue and the queue in empty 
(step 142). Depending on the desired behavior of the queue, 
at least one memory block may remain on the queue or, 
alternatively, the memory block may be removed from the 
queue and returned to the empty list. In this example 
embodiment the queue is left with at least one memory 
block. This is preferable if it is likely that the queue is to be 
written to again. 

If the Block Counter is greater than one (step 126), 
indicating that the queue comprises two or more memory 
blocks, than the empty memory block is returned to the 
empty queue (step 128). The empty memory block is 
removed from the head of the queue chain linked list. The 
empty memory block is added to the empty linked list at the 
tail. 

The next memory block in the queue chain is retrieved 
from the head of the queue chain linked list (step 130). The 
Read Block Pointer is modified to point to the memory block 
retrieved from the head of the queue chain linked list (step 
132). The Block Counter is decremented (step 134) and the 
Read Pointer is initialized to zero (step 136). Data is then 
read from the queue memory block at a location given by 
RBP*64+RP (step 138). The Read Pointer is then incre- 
mented (step 140). 

It is intended that the appended claims cover all such 
features and advantages of the invention that fall within the 
spirit and scope of the present invention. As numerous 
modifications and changes will readily occur to those skilled 
in the art, it is intended that the invention not be limited to 
the limited number of embodiments described herein. 
Accordingly, it will be appreciated that all suitable 
variations, modifications and equivalents may be resorted to, 
falling within the spirit and scope of the present invention. 

What is claimed is: 

1. Adynamic quieting system for dynamically establish- 
ing a plurality of transmit and receive queues, comprising: 

a queue memory adapted to be dynamically shared by a 
plurality of transmit and receive queues, said queue 
memory divided into a plurality of equal length 
memory blocks; 

a first linked list adapted to track memory blocks currently 
not used and available for use in a queue; 

a plurality of queues, each said queue represented by a 
second linked list of one or more memory blocks of 
said queue memory, wherein a queue is created by 
allocating an available memory block from said queue 
memory, removing said allocated memory block from 
said first linked list and creating said second linked list 
for representing the one or more memory block that 
make up said queue; 

a queue control circuit including: 

means for writing to a queue including a write pointer 
for identifying the next location in a queue available 
for writing; 

means for reading from a queue including read pointer 
for identifying the next location in a queue to be 
read; 

means for increasing the size of a queue when a queue 
becomes full, including allocating an additional 
memory block from said queue memory, removing 



the allocated memo block from the first linked list 
and adding the newly allocated memory block to the 
second linked list; and 
means for reducing the size of a queue when a memory 
5 block becomes empty, including de -allocating the 

empty memory block, adding the de-allocated 
memory block to the first Unked list and removing 
the de-allocated memory block from the second 
linked list. 

JO 2. The queuing system according to claim 1, wherein said 
first linked list comprises means for storing a first entry in 
said first linked list, a last entry in said first linked list and 
a soup counter indicating the number of empty memory 
blocks currently on said first linked list. 

J 5 3, The queuing system according to claim 1, further 
comprising means for allocating memory blocks according 
to a first pointer adapted to indicate the next available 
memory block, 

4. The queuing system according to claim 1, further 
20 comprising means for returning de- allocated memory blocks 

to said first lined Hst in accordance with a last pointer 
adapted to indicate the last empty memory block on said first 
linked list. 

5. The quelling system according to claim 1, wherein said 
25 first linked list comprises a linked list of pointers to empty 

memory blocks in said queue memory. 

6. The queuing system according to claim 1, wherein said 
second linked list comprises a linked list of pointers to 
memory blocks currently allocated to a queue, 

30 7, The queuing system according to claim 1, wherein said 
queue memory comprises a single contiguous portion of 
memory. 

8. The queuing system according to claim 1, wherein said 
queue control circuit comprises means for creating and 

35 maintaining a read block pointer for indicating the current 
memory block in a queue chain for reading. 

9. The queuing system according to claim 1, wherein said 
queue control circuit comprises means for creating and 
maintaining a write block pointer for indicating the current 

40 memory block in a queue chain for writing. 

10. The queuing system wording to claim 1, wherein said 
means for increasing the size of said queue comprises means 
for molding a write block pointer to point to the newly 
allocated memory block. 

45 11. The queuing system according to claim 1, wherein 
said means for decreasing the size of said queue comprises 
means for modifying a read block pointer to point to the next 
memory block to be read in said second linked list. 

12. The queuing system according to claim 1, wherein 
50 said queue comprises a First In First Out (FIFO) queue. 

13. The queuing system according to claim 1, wherein 
said queue comprises a Last In First Out (LIFO) queue. 

14. A dynamic queuing method for dynamically estab- 
lishing a plurality of transit and receive queues, said method 

55 comprising the steps of: 

dividing a queue memory into a plurality of equal length 
memory blocks, said queue memory adapted to be 
dynamically shared by a plurality of transmit and 
receive queues; 

60 establishing a first linked list adapted to track memory 
blocks currently not used and available for use in a 
queue; 

creating a plurality of queues, each said queue represented 
by a second linked list of one or more memory blocks 
65 of said queue memory, wherein a queue is created by 
allocating an available memory block from said queue 
memory removing said allocated memory block from 
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said first linked list and creating said second linked list 
for representing the one or nacre memory blocks that 
make up said queue; 

writing to a queue utilizing a write pointer for identifying 
the next location in a queue available for writing; 

reading from a queue utilizing a read pointer for identi- 
fying the next location in a queue to be read; 

increasing the size of a queue when a queue is full by 
allocating an additional memory block from said queue 
memory removing the allocated memory block from 
the first linked list and adding the newly allocated 
memory block to the second linked list; and 

reducing the size of a queue when a memory block 
becomes empty by de-allocating, empty memory block, 
adding the de-allocated memory block to the first 
linked list and removing the de-allocated memory 
block from the second linked list. 

15. The method according to claim 14, wherein said step 
of establishing a first linked list comprises storing a first 
entry in said first linked list, a last entry in said first linked 
list and a group counter indicating the number of empty 
memory blocks currently on said first linked list. 

16. The method according to claim 14, further comprising 
the step of allocating memory blocks according to a first 
pointer adapted to indicate the next available memory block. 

17. The method according to claim 14, further comprising 
the step of returning de-allocated memory blocks to said first 
linked list in accordance with a last pointer adapted to 
indicate the last empty memory block on said fist linked list. 

18. The method according to claim 14, wherein said first 
linked list comprises a linked list of pointers to empty 
memory blocks in said queue memory. 
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19. The method according to claim 14, wherein said 
second linked list comprises a linked list of pointers to 
memory blocks currently allocated to a queue. 

20. The method according to claim 14, wherein said queue 
^ memory comprises a single contiguous portion of memory. 

21. The method according to claim 14, wherein said step 
of creating a queue comprises creating and mining a read 
block pointer for indicating the current memory block in a 

]0 queue chain for reading. 

22. The method according to claim 14, wherein said step 
of creating a queue comprises creating and maintaining a 
write block pointer for indicating the current memory block 
in a queue chain for writing. 

23. The method according to claim 14, wherein said step 
of increasing the size of a queue comprises modifying a 
write block point to point to the newly allocated memory 
block. 

2Q 24. llie method according to claim 14, wherein said step 
of decreasing the size of a queue comprises modifying a read 
block pointer to point to the next memory block to be read 
in said second linked list. 

25. The method according to claim 14, further comparing 
25 the step of maintaining a block counter adapted to indicate 

the number of memory blocks in a queue. 

26. The method according to claim 14, wherein said queue 
comprises a First In First Out (FIFO) queue. 

27. The method according to claim 14, wherein said queue 
comprises a Last In First Out (LIFO) queue. 

* * « 4> « 
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